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DGYDQFHV LQ WKH LPSRUWDQW DVSHFW RI EROWHG MRLQW DVVHPEO\:KLOH WKLV LV DQ H[WUHPHO\ SRVLWLYH DGYDQFH VLQFH D
SURSHUO\GHVLJQHGMRLQWWKDWLVDVVHPEOHGSRRUO\ZLOOOLNHO\OHDNWKHORQJHUWHUPUHVROXWLRQRIFXUUHQWDFNQRZOHGJHG




ERXQGDU\ EROWHG MRLQWV 7KH ILUVW LV WKH LQFRUSRUDWLRQ RI D 4XDQWLWDWLYH 5LVN%DVHG SURFHVVHV LQWR WKH GHVLJQ
DVVHPEO\DQGPDLQWHQDQFHRISUHVVXUHERXQGDU\EROWHGMRLQWV7KHJRDORIWKHVHHIIRUWVDUHWRHQDEOHWKHIRFXVRI
UHVRXUFHVPRVW DSSURSULDWHO\ EDVHG RQ WKH ULVN SRVHGE\ WKH MRLQWV LQ TXHVWLRQ7KHSURFHVVPD\ EH XVHG DW WKH





EHLQJ IRXQG UHDFWLYHO\ E\ LQILHOG IDLOXUHV%HLQJ DEOH WRSURDFWLYHO\SUHGLFW WKH MRLQW ORQJ WHUPEHKDYLRXU DW WKH
GHVLJQ VWDJH HQDEOHV XV WR HLWKHU GHVLJQ WKH SUREOHPV RXW RU VKRXOG D SUREOHP EH IRXQG ODWHU SHUIRUPPDWHULDO
VXEVWLWXWLRQRUSODQQHGSHULRGLFWLJKWHQLQJLQRUGHUWRHOLPLQDWHWKHSRVVLELOLW\RIOHDNDJH7KHWKLUGDVSHFWRXWOLQHG



















FOHDU WKDW FHUWDLQ MRLQWVZLOO EHSUREOHPDWLF IRU H[DPSOH$60(%136 FO MRLQWV DQG$60(%
6HULHV$FOMRLQWV+RZHYHUWKHVHDSSURDFKHVDUHOLPLWHGLQWKDWWKH\DUHUHDFWLYHDQGTXDOLWDWLYH$KLVWRU\RI
OHDNDJHPXVWEHHVWDEOLVKHGDQGMRLQWVDVVHVVHGDJDLQVWWKDWOLVW7KLVLVREYLRXVO\QRWLGHDODVLWUHTXLUHVLQWKHILUVW




GDPDJH PHFKDQLVPV IRU MRLQW OHDNDJH $W SUHVHQW WKHVH KDYH EHHQ LGHQWLILHG EDVHG RQ WKH PRVW FRPPRQ
PHFKDQLVPVWKDWKDYHKLVWRULFDOO\EHHQIRXQGWRFDXVHMRLQWOHDNDJH
D 5HVLGXDOSUREDELOLW\RIIDLOXUHIRUWKHVLWH532)
7KLV LV WKH UHVLGXDO ULVNDVVRFLDWHGZLWK IODQJH OHDNDJHDW WKH VLWHGXH WR IODQJHDVVHPEO\SUDFWLFHV ,W LV
HVVHQWLDOO\ WKH ULVN DVVRFLDWHGZLWK WKH SUREDELOLW\ RI LQFRUUHFW DVVHPEO\ RI WKH MRLQW 7KH ULVN LQFUHDVHV























FDVHZKLFK W\SLFDOO\ RFFXUVGXULQJ WKHUPDO WUDQVLHQWV7KH DFFHSWDQFH OLPLW LV EDVHGRQ WKHJDVNHW W\SH
HPSOR\HG
J -RLQWFUHHSUHOD[DWLRQSUREDELOLW\RIIDLOXUH32)&5
7KLV LV WKH SUREDELOLW\ RI DGGLWLRQDO FUHHSUHOD[DWLRQ RI WKH PHWDOOLF FRPSRQHQWV FRQWULEXWLQJ WR MRLQW
OHDNDJHLQWKHORQJHUWHUP,WLVEDVHGRQWKHUHGXFWLRQLQJDVNHWVWUHVVH[SHFWHGGXHWRFUHHSUHOD[DWLRQRI








        Joint LB DB OR AR RS CR ALPOF RPOF POF POF POF POF POF POF POF         
7KH32)¶VDUHH[SUHVVHGDVWKHQXPEHURILQFLGHQWVWKDWZLOORFFXULQRQH\HDUGXHWRWKHGDPDJHIDFWRUWKDWLV
XQGHUFRQVLGHUDWLRQ'HSHQGLQJRQ WKHDSSOLFDWLRQ LWPD\EHHDVLHURUPRUHDSSURSULDWH WR OLVW WKH)DLOXUH3HULRG
)3DVVRFLDWHGZLWKWKHMRLQWRUGDPDJHPHFKDQLVP7KH)3LVVLPSO\WKHLQYHUVHRIWKH32)DQGLVWKHUHIRUHWKH
QXPEHURI\HDUVH[SHFWHGEHWZHHQ OHDNDJH WKDW LVFDOFXODWHG IRU WKH MRLQWRUGDPDJHPHFKDQLVP7KHFDOFXODWLRQ
PHWKRGRORJ\ IRU HDFKRI WKH GDPDJHPHFKDQLVPV LV EDVHGRQ MRLQW LQWHJULW\ FDOFXODWLRQPHWKRGV DQG H[SHULHQFH
ZLWKOLPLWVDVVRFLDWHGZLWKWKRVHFDOFXODWLRQVZKLFKKDVEHHQJDLQHGRYHUWKHODVWWR\HDUV)RUHDFKGDPDJH
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7KH5%-,PHWKRGFDQEHDSSOLHGWRGHPRQVWUDWHWKHLPSDFWRISURSRVHGLPSURYHPHQWVIRUDQ\JLYHQMRLQW7KH
XVH RI 5%-, LV SDUWLFXODUO\ DSSOLFDEOH ZKHQ LW EHFRPHV QHFHVVDU\ WR SURYLGH MXVWLILFDWLRQ IRU KHDW H[FKDQJHU RU
SLSLQJ UHSODFHPHQW LQ FDVHV ZKHUH WKH H[LVWLQJ MRLQWV DUH NQRZQ WR EH SUREOHPDWLF 7KH PHWKRG DOORZV DQ
DVVHVVPHQWRIWKHOHYHORILPSURYHPHQWWKDWFDQEHH[SHFWHGVXEVHTXHQWWRWKHUHSODFHPHQW7\SLFDOO\LIDMRLQWLV
















:KLOH WKH DFFXUDF\ RI WKH 5%-, DSSURDFK LV PRVW HDVLO\ FRQILUPHG EDVHG RQ UHVROYLQJ FXUUHQWO\ NQRZQ







I (QDEOLQJ GHWHUPLQDWLRQ RI WKH OHYHO RI XUJHQF\ DVVRFLDWHGZLWK UHFWLILFDWLRQ RI SUHYLRXV SRRU RU VXSHUVHGHG
GHVLJQRUDVVHPEO\SUDFWLFHVIRUEROWHGMRLQWV
)RU H[DPSOH DW WKH SURMHFW GHVLJQ SKDVH LH EHIRUH LW LV WRR ODWH DPLQLPXP DFFHSWDEOH ULVN OHYHOPD\ EH
GHILQHGDQGDQDO\VLVRIDOOMRLQWVFRQGXFWHGWRGHWHUPLQHZKLFKJURXSVRIMRLQWVKDYHD)3H[FHHGLQJWKHPLQLPXP
UHTXLUHPHQW $W WKDW VWDJH GHVLJQ PRGLILFDWLRQ PD\ EH UHODWLYHO\ VLPSOH VXFK DV LQFUHDVLQJ WKH IODQJH UDWLQJ




$ VHFRQG H[DPSOH LVZKHUH WKH GHVLJQRU DVVHPEO\SUDFWLFHV KDYH FKDQJHG IRU H[DPSOHZKHQ WUDQVLWLRQRI D
SURMHFWIURPFRPPLVVLRQLQJWRRSHUDWLRQRFFXUVDQGWKHIDEULFDWLRQMRLQWDVVHPEO\SUDFWLFHVGLGQRWPDWFKFXUUHQW
EHVW SUDFWLFH RU PD\ EH IRXQG WR KDYH EHHQ HLWKHU HUURQHRXVO\ DSSOLHG RU SRRUO\ FRQFHLYHG LQ WKH ILUVW SODFH
2EYLRXVO\DWWKDWSRLQWWKHLQVWUXFWLRQWRJRRXWDQGUHWLJKWHQHYHU\MRLQWZRXOGSUREDEO\PHHWZLWKPDQDJHPHQW









%\EDVLQJWKHGHFLVLRQRQ5%-,UHVXOWV WKHRYHUDOO LQFUHDVHLQ OLNHOLKRRGRISURGXFWLRQORVVGXHWRILQGLQJD OHDN
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GXULQJ WKH VWDUWXS OHDN WHVW DQG WLPH UHTXLUHG WR UHFWLI\ LVPLQLPLVHG DQG WKHUHIRUH WKH QHW RXWFRPHZLOO EH D













POF(RadialShear): 0.7391 / 1.4 years
POF(Leakage): 0.2154 / 4.6 years





Consequence => Low Medium Med. High High




POF(Leakage): 0.0242 / 41.3 years
POF(Damage): 0.0106 / 94.6 years





Consequence=> Low Medium Med.High High
163 W. Brown /  Procedia Engineering  130 ( 2015 )  158 – 167 










EROWHG MRLQWPDWHULDOV ,W LVFRPPRQ WKDW WKH WHVWGDWDGRHVQRWFRYHUDVXIILFLHQW WLPH IUDPHVXFK WKDW WKH UDWHRI
FUHHSUHOD[DWLRQKDVUHGXFHGWRQHJOLJLEOH7KLVPHDQVWKDWHYHQLIWKHGDWDLVXVHGGLUHFWO\LWZLOORYHUHVWLPDWHWKH





IRU FRPPRQ IODQJHDQGEROWPDWHULDOV7KHGDWDFDQ WKHQEHXVHG LQFUHHSUHOD[DWLRQFDOFXODWLRQV IRU WKH MRLQW LQ
RUGHUWRGHWHUPLQHWKHH[SHFWHGFRQWULEXWLRQRIWKHPHWDOOLFFRPSRQHQWVWRWKHORQJWHUPLQWHJULW\RIWKHMRLQW7KLV







LQEROW VWUHVVGXULQJ WKH WLPH LQ WKHRYHQ LVDFRPELQDWLRQRIPDWHULDO\LHOGDW WHPSHUDWXUHFUHHSDQGUHOD[DWLRQ
7UDGLWLRQDOO\HDFKGDWDSRLQWRQWKHJUDSKUHTXLUHGDVHSDUDWHWHVWVRWRHVWDEOLVKWKHIXOOUHOD[DWLRQEHKDYLRXURID
VLQJOH PDWHULDO RYHU DQ H[WHQGHG SHULRG RI WLPH ZRXOG KDYH UHTXLUHG PXOWLSOH WHVWV SHUIRUPHG ZLWK GLIIHUHQW
VSHFLPHQVDWLQFUHDVLQJWHVWGXUDWLRQV2QHOLQHRQDFUHHSUHOD[DWLRQJUDSKIRURQHPDWHULDODWRQHVWUHVVOHYHODQG




POF(SiteResid.): 0.0010 / 1000.0 years
POF(Op.Rotation): 0.0005 / 2102.7 years





Consequence=> Low Medium Med.High High
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$Q H[DPSOH EROW FUHHSUHOD[DWLRQ JUDSKZKLFK VKRZV WKH UHOD[DWLRQ RI DQ$% VWXG EROWZLWK$+
ZKHQWLJKWHQHGWR03DEROWVWUHVVDQGKHDWHGWRGLIIHUHQWWHPSHUDWXUHOHYHOVLVVKRZQLQ)LJ,WFDQEHVHHQ
WKDW WKH EROW UHOD[DWLRQ OHYHO LQFUHDVHV VXEVWDQWLDOO\ DW WHPSHUDWXUHV DERYH & ) ZLWK WKH KLJKHU
WHPSHUDWXUHVFRUUHVSRQGLQJ WR OHVV WKDQUHPDLQLQJEROW ORDGDIWHUD UHODWLYHO\VKRUW WLPHSHULRG ,WVKRXOGEH
QRWHGKRZHYHUWKDWWKHWHVWVGHWHUPLQHDZRUVWFDVHUHOD[DWLRQDQGFDQQRWEHUHODWHGGLUHFWO\WREROWEHKDYLRXULQD
SUHVVXUH ERXQGDU\ IODQJH ZLWKRXW FRQVLGHUDWLRQ RI PHFKDQLFDO LQWHUDFWLRQ DQG WKH FUHHSUHOD[DWLRQ RI RWKHU
FRPSRQHQWVLHLWZRXOGEHRYHUO\FRQVHUYDWLYHWRWDNHWKHHQGSRLQWRIWKHJUDSKDVWKHUHPDLQLQJEROWORDGLQD
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SUHVVXUHERXQGDU\EROWHGMRLQWDVVHVVPHQW+RZHYHUWKHUHVXOWVGRJLYHDQLQGLFDWLRQWKDWWKHFXUUHQWOLPLWSODFHG
RQ WKH XVH RI $% EROWV LQ $60( 9,,, ',Y  &  ) LV SUREDEO\ WRR RSWLPLVWLF ZLWK RQO\ D
UHODWLYHO\VKRUWSHULRGRIWKDWWHPSHUDWXUHUHTXLUHGWRUHOD[WKHPDMRULW\RIWKHEROWORDG
$VHFRQGSUHOLPLQDU\UHVXOWLVVKRZQLQ)LJIRUWKHSHUIRUPDQFHRIGLIIHUHQWEROWPDWHULDOVZKHQORDGHGWR
03DDQGKHDWHG WR)7KHYDULDWLRQ LQSHUIRUPDQFH LVVLJQLILFDQWZLWK WKH ORZHU\LHOG%0PDWHULDO ORVLQJ
DURXQGRIWKHEROWORDGWKH$*UEROWVORVLQJDQHJOLJLEOHDPRXQWWKH$%ZLWK*UQXWVORVLQJ
VOLJKWO\PRUHWKDQRIWKHEROWORDGWKH$%ZLWK*U+QXWVDQGWKH$%EROWVORVLQJVOLJKWO\OHVV








TXDOLILFDWLRQ DYDLODEOH IRU SUHVVXUH ERXQGDU\ EROWHG MRLQW DVVHPEOHUV %URZQ >@ 7KH UHODWLYHO\ UHFHQW LQGXVWU\
IRFXV RQ WKH LPSRUWDQFH RI EROWHG MRLQW DVVHPEO\ RYHU WKH ODVW  \HDUV KDV OHG WR WKH UHFHQW UHOHDVH RIPXOWLSOH
VRXUFHVRILQGXVWU\VWDQGDUGL]DWLRQIRUDVVHPEOHUTXDOLILFDWLRQ7KHHIIRUWZDVOHGRQDQLQWHUQDWLRQDOOHYHOE\WKH
UHOHDVH RI$60(3&&$SSHQGL[$ LQ1RYHPEHU 2QH RI WKH SUREOHPV LQ GHYHORSLQJ JXLGDQFH VXFK DV
$SSHQGL[$IRUZKLFKWKHUHLVDGHDUWKRIH[LVWLQJLQGXVWU\UHTXLUHPHQWVZDVWRWU\DQGVWULNHDEDODQFHEHWZHHQ
DGKHUHQFH WR WKH H[LVWLQJ NQRZOHGJH DQG WUDLQLQJ SURFHVVHV ZKLFK ZHUH LQ SUDFWLFH SULRU WR  DQG DOUHDG\







RU IRU H[DPSOH ZK\ SDWWHUQ SDVVHV ZHUH UHTXLUHG IRU HYHQ JDVNHW LQLWLDO FRPSUHVVLRQ RU IRU H[DPSOH ZK\
GLIIHUHQWEROWPDWHULDOVZHUHUHTXLUHG
7KHUHIRUHZKDWZHDUHFXUUHQWO\IDFHGZLWKLVDVLWXDWLRQZKHUHWKHUHTXLUHPHQWVZULWWHQLQ$SSHQGL[$H[FHHG
FRPPRQ DVVHPEOHU WUDLQLQJ SUDFWLFH DQG LQ PDQ\ FDVHV DVVHPEOHU WUDLQHU NQRZOHGJH ,Q DGGLWLRQ WKH
GHPRQVWUDWLRQ UHTXLUHPHQWV LQ$SSHQGL[$ DOVR H[FHHG FXUUHQW$VVHPEOHU 7UDLQLQJ'HPRQVWUDWLRQ5LJ $7'5
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FDSDELOLWLHV,WLVQRWFRPPRQIRUH[DPSOHIRUDQ$7'5WREHDEOHWRGHPRQVWUDWHDFFHSWDEOHSUDFWLFHVUHODWLQJWR
MRLQW DQJXODUPLVDOLJQPHQW LQFOXGLQJ GHPRQVWUDWLQJ WKH DFFHSWDEOH OHYHOV RI IRUFH WR EULQJ WKH MRLQW WRJHWKHU LQ
DFFRUGDQFHZLWK$60(3&&$SSHQGL[(7KLVLVLQVSLWHRIMRLQWDOLJQPHQWEHLQJRQHRIWKHPRUHGLIILFXOWDQG
FULWLFDOIDFWRUVDVVRFLDWHGZLWK³VLPSOH´SLSLQJEROWHGMRLQWDVVHPEO\%RWKRIWKHVHIDFWRUVPHDQWKDWDVWHSFKDQJH




UHTXLUHPHQWVRI$SSHQGL[$ZKLFK WKH WUDLQHUVFDQ WDNHZLWK WKHPDQGDUH UHTXLUHG WRJLYHGXULQJ WKHLU WUDLQLQJ
FRXUVH DV DPLQLPXP7KURXJKRXW WKH FRUH FXUULFXOXPZKHUHYHUSRVVLEOH DQGSUDFWLFDO WKH WKHRU\ LV WLHG LQWRD







7KH$7'5GHYHORSHGE\ ,(6 )LJ UHSUHVHQWV D VLJQLILFDQW LPSURYHPHQWRYHUSUHYLRXVGHPRQVWUDWLRQ ULJV
ZLWKMRLQWVL]HVUDQJLQJIURP136WR136FODQGDEOHWRDFFRPPRGDWHERWKKDQGWRRODQGK\GUDXOLFWRRO
GHPRQVWUDWLRQV7KHUHDUHD WRWDORIMRLQWVRQ WKHULJDQGPRVW MRLQWVDUHIXOO\ LQVWUXPHQWHGVXFK WKDW WKHEROW
ORDGDQGIODQJHDOLJQPHQWFDQEHFRQWLQXDOO\PRQLWRUHGDQGGLVSOD\HGWRWKHWUDLQHHVGXULQJWKHGHPRQVWUDWLRQ,W
KDVWKHFDSDELOLW\RIRIIHULQJRYHUGHPRQVWUDWLRQVWKDWWLHLQZLWKFRUHFXUULFXOXPHDFKRQHRIWKHPDQLPSRUWDQW









DQ LQSHUVRQ DVVHVVPHQW E\ WKH WUDLQHU LV DOVR UHTXLUHG IRU IDFWRUV VXFK DV VHOHFWLRQ RI WKH FRUUHFW JDVNHW VDIH
H[HFXWLRQDQGDVVHPEOHUH[SHULHQFHOHYHO
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